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Abstract With the ever-increasing demand for sub-10 nm integrated circuit chips in the fields such as consumer
electronics, interconnect hardware, and electronic medical equipment, the impact of wafer defects introduced by
semiconductor manufacturing equipment on the yield and price of integrated circuits will continue to emerge, which makes
the manufacturing process control such as the high-speed identification, localization, and classification of typical defects
more challenging. Although conventional wafer defect inspection methods such as bright-field, dark-field, and electron-
beam imaging can cover most defect inspection scenarios, they cannot balance inspection accuracy, sensitivity, and speed.
Emerging techniques such as nanophotonics, computational imaging, quantitative phase imaging, optical vortex, multi-
beam scanning electron microscopy, thermal field imaging, and deep learning have shown great potential in improving
defect sensitivity, resolution, and contrast, which opens up new possibilities for wafer defect inspection. Hence, we make
a comprehensive review for the progress in wafer defect inspection from three aspects: the assessment of defect
detectability, the diverse inspection methods and prototypes, and the advanced post-processing algorithms. It is expected
to help both researchers and interdisciplinary workers who are new entrants in the field.
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Fig. 1 Aerial images and the corresponding differential images of pattered wafer with bridge defects in different sizes. (a) Aerial image

of pattered wafer with 90 nm bridge defect in 90 nm CD; (b) aerial image of pattered wafer with 45 nm bridge defect in 45 nm

CD; (c) aerial image of pattered wafer with 28 nm bridge defect in 28 nm CD; (d) aerial image of pattered wafer with 14 nm

bridge defect in 14 nm CD; (e) differential image of patterned wafer with 90 nm bridge defect; (f) differential image of patterned

wafer with 45 nm bridge defect; (g) differential image of patterned wafer with 28 nm bridge defect; (h) differential image of

patterned wafer with 14 nm bridge defect
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Fig. 8 Interferometric cross-polarization microscopy for defect inspection. (a) Schematic diagram of an interferometric cross-

polarization microscopy "™ (b) optical amplitude of the scattered light from the Au nanoparticle”; (¢) optical phase difference

with respect to the light in the reference branch™"’
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Fig. 9 Characteristics of far-field diffraction patterns from Gaussian and OAM beams illuminating on blank substrate with amplitude-

only defects"™. (a)(b) Complex fields from the defect-free substrate and from the defect in the far-field from Gaussian CFS;

(c) interference intensity pattern; (d) far-field diffraction pattern; (e) - (h) corresponding results of coherent Fourier scattering

measurement based on = 1 order orbital angular momentum beam
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Fig. 10 THz detection method for defects in the wafer. (a) Schematic of THz wave-based defect inspection system; (b) schematic of

THz real-time imaging system
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Fig. 11 Defect inspection system for 3D NAND flash memory"™

. (a) Schematic of a standard optical-microscopy-based defect

inspection system; (b) schematic of a typical 3D NAND flash memory structure; (¢) near-infrared micrographs for several near-

infrared-identified defect spots
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Fig. 12 EUV ptychography imaging-based defect inspection™”

. (a) Schematic of the amplitude- and phase-sensitive imaging

reflectometer with large-area, spatially and depth-resolved capability; (b) original phase reconstruction from EUV

ptychography imaging; (¢) zoom-in of EUV ptychographic phase reconstructions of the sample after precision implementation

of 3D tilted-phase correction and total variation regularization; (d) entire wide field-of-view amplitude reconstruction
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Fig. 13 Multiple electron beam scanning detection system for defect inspection. (a) Schematic of the HMI-integrated MBI system;

(b) upper part is the large field-of-view MBI images for wafer alignment, and the lower part is the MBI image of a periodic line/

space pattern with a pitch of 46 nm, in which line-bridging and line-broken defects are contained in the pattern
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Fig. 14 Thermal imaging inspection for defects in the wafer. (a) Schematic diagram of wafer inspection system based on thermal

effects; (b) structural schematic diagram of thermal detection unit; (c) a typical thermal profile image reported by the thermal

detection unit”"”!
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Fig. 16 D2DB method and the corresponding results™™". (a) A trainable D2DB algorithm based on the convolutional neural networks;

(b) central bridge defects detected by using the trainable D2DB algorithm under the conditions of 1 nm/pixel~4 nm/pixel

(upper is aerial images of defective pattern with defect located in the yellow box, middle is enlarged view of defect feature

located in the yellow box, bottom is test results)
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